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(57) ABSTRACT 

Systems and methods for determining a positional state of an 
airborne array antenna using distributed accelerometers are 
described. One such method includes receiving and format 
ting acceleration data from each of a plurality of accelerom 
eters mounted at different locations along the array antenna, 
receiving position and orientation data from an inertial navi 
gation service (INS) mounted on the array antenna, generat 
ing an INS estimated position for each accelerometer based 
on the position and orientation data from the INS, generating 
an accelerometer estimated position for each accelerometer 
based on the acceleration data, determining a position and 
orientation of each accelerometer based on the respective INS 
estimated position and the respective accelerometer esti 
mated position, determining an estimated position of a center 
and an orientation of the array antenna based on the deter 
mined position and orientation of each accelerometer, and 
adjusting a direction of the array antenna based on the esti 
mated position of the array antenna. 
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SYSTEMS AND METHODS FOR 
DETERMINING A POSITIONAL STATE OF 
AN AIRBORNE ARRAY ANTENNAUSING 

DISTRIBUTED ACCELEROMETERS 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

This invention was made with Government support under 
Contract No. HR0011-09-C-0036. The Government has cer 
tain rights in this invention. 

FIELD 

The present invention relates generally to airborne array 
antennas, and more specifically, to systems and methods for 
determining a positional state of an airborne array antenna 
using distributed accelerometers. 

BACKGROUND 

A class of very large flexible radar arrays, used to imple 
ment electronically scanned array (ESA) radars, is needed for 
a number of future applications. These ESA arrays are flex 
ible and mounted in airborne platforms with propulsion sys 
tems and other sources of input motion. Due to the flexible 
nature of the arrays, their shape is dynamic and often needs to 
be measured. Flexible arrays have often been measured by 
optical systems that directly determine array shape and ori 
entation. Most arrays, whether considered flexible or not, 
have an inertial navigation service that uses either inertial 
instruments (usually an integrated navigation system or INS) 
that is co-located with the array, as with most fighter radars. In 
cases where co-location of an INS is not possible for pack 
aging reasons, an additional inertial instrument such as a 
small inertial measurement unit (IMU) may be co-located 
with the array and used for local motion measurement, as is 
the case for Some large Surveillance radars. 

For very large flexible arrays, use of a co-located inertial 
instrument is often impractical because of the size and scale 
of the array. In addition, a single inertial instrument often 
cannot be physically attached to the array or its suspension 
system rigidly enough, nor is the array itself generally rigid 
enough, to ensure adequate knowledge of the dynamic 
motion of the array. However, optical systems have not yet 
been devised that allow for measurement of such a large array 
at the temporal and spatial resolution that is generally needed 
to Support beam forming for an ESA radar. As such, there is a 
need for a system and method for determining the position, 
orientation, and shape of an airborne radar array. 

SUMMARY 

Aspects of the invention relate to systems and methods for 
determining a positional state of an airborne array antenna 
using distributed accelerometers. In one embodiment, the 
invention relates to a method for determining a positional 
state of an airborne array antenna using an array of distributed 
accelerometers, the method including receiving and format 
ting acceleration data from each of a plurality of accelerom 
eters mounted at different locations along the array antenna, 
receiving position and orientation data from an inertial navi 
gation service (INS) mounted on the array antenna, generat 
ing an INS estimated position for each accelerometer based 
on the position and orientation data from the INS, generating 
an accelerometer estimated position for each accelerometer 
based on the acceleration data, determining a position and 
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2 
orientation of each accelerometer based on the respective INS 
estimated position and the respective accelerometer esti 
mated position, determining an estimated position of a center 
and an orientation of the array antenna based on the deter 
mined position and orientation of each accelerometer, and 
adjusting a direction of the array antenna based on the esti 
mated position of the array antenna. 

In another embodiment, the invention relates to a system 
for determining a positional state of an airborne array antenna 
using an array of distributed accelerometers, the system 
including an array antenna, a plurality of accelerometers 
mounted at different locations along the array antenna, an 
inertial navigation service (INS) mounted on the array 
antenna, a processing circuitry configured to receive and for 
mat acceleration data from each of the plurality of acceler 
ometers, receiving position and orientation data from the 
inertial navigation service (INS), generate an INS estimated 
position for each accelerometer based on the position and 
orientation data from the INS, generate an accelerometer 
estimated position for each accelerometer based on the accel 
eration data, determine a position and orientation of each 
accelerometer based on the respective INS estimated position 
and the respective accelerometer estimated position, and 
determine an estimated position of a center and an orientation 
of the array antenna based on the determined position and 
orientation of each accelerometer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a portion of an airborne 
array antenna including multiple accelerometers uniformly 
mounted along the array in accordance with one embodiment 
of the invention. 

FIG. 2 is a schematic block diagram of a system for deter 
mining a positional state of an airborne array antenna, where 
the system includes processing circuitry coupled to a number 
of distributed accelerometers, an inertial navigation system 
(INS) and steering circuitry in accordance with one embodi 
ment of the invention. 

FIG. 3 is a functional block diagram of the processing 
circuitry of the position determining system of FIG. 2, where 
the processing circuitry includes processing blocks for posi 
tion integration, correction and calibration, kinematic exten 
sion and array state determination in accordance with one 
embodiment of the invention. 

FIG. 4 is a flow chart of a process for determining a posi 
tional state of an airborne array antenna having multiple 
accelerometers in accordance with one embodiment of the 
invention. 

FIG. 5 is a flow chart of another process for determining a 
positional state of an airborne array antenna having multiple 
accelerometers in accordance with one embodiment of the 
invention. 

FIG. 6 is a flow chart of an integration process for process 
ing data received from each of the multiple accelerometers of 
the process of FIG. 5 in accordance with one embodiment of 
the invention. 

FIG. 7 is a flow chart of a calibration process for calibrating 
data received from each of the multiple accelerometers of the 
process of FIG. 5 in accordance with one embodiment of the 
invention. 

DETAILED DESCRIPTION 

Referring now to the drawings, systems and methods for 
determining the position and orientation (e.g., positional 
state) of an airborne array antenna using distributed acceler 
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ometers are illustrated. The positional state determining sys 
tems include an array of accelerometers distributed about the 
array antenna and coupled to processing circuitry. The pro 
cessing circuitry receives data from each of the accelerom 
eters and an inertial navigation system (INS) and calculates 
the positional state of the array based on the data from both 
components. The positional state of the array can be used for 
beam steering by steering circuitry. In addition, the positional 
state of the array can be used for a number of other useful 
applications, including, for example, for actively pointing the 
beam, and by the RF signal processing for performing Dop 
pler compensation and other motion compensation required 
for coherent detection. 

To calculate the positional state of the array, the processing 
circuitry can receive and format acceleration data from each 
of the plurality of accelerometers, receive position and orien 
tation data from the INS, generate an INS estimated position 
for each accelerometer based on the position and orientation 
data from the INS, generate an accelerometer estimated posi 
tion for each accelerometer based on the acceleration data, 
determine a position and orientation of each accelerometer 
based on the respective INS estimated position and the 
respective accelerometer estimated position, and then deter 
mine an estimated position of a center and an orientation of 
the array antenna based on the determined position and ori 
entation of each accelerometer. 

FIG. 1 is a perspective view of a sub-array 100 of an 
airborne array antenna including multiple accelerometers 102 
uniformly mounted along the array 100 in accordance with 
one embodiment of the invention. The sub-array 100 includes 
four co-planar panels (or "portions) 104 arranged in a flat 
panel configuration. Each panel 104 includes a number of 
radiating elements 106 positioned thereon. The sub-array 100 
further includes a beam steering circuit 108 mounted at the 
intersection point of the four panels 104. The beam steering 
circuit 108 is electrically coupled to each panel 104 and to 
various radiating elements 106 positioned thereon. The beam 
steering circuit 108 can be controlled by master steering 
circuitry (e.g., a beam steering computer), which is not 
shown. 
The accelerometers 102 are coupled to processing circuitry 

(not shown) positioned along or in the vicinity of the array. 
The accelerometers 102 are each configured to measure 
acceleration and provide those measurements to the process 
ing circuitry. In some embodiments, the processing circuitry 
is a component of the master steering circuitry. In one 
embodiment, the processing circuitry is implemented using 
the beam steering circuits 108 which receive and forward 
acceleration data to the master steering circuitry for process 
ing. In the embodiment illustrated in FIG. 1, the accelerom 
eters 102 are uniformly distributed in being positioned at the 
corners of each panel 104. In other embodiments, the accel 
erometers may be positioned in other uniform and non-uni 
form configurations. In several embodiments, the accelerom 
eter positioning may be determined by the intended 
application and the degree of accuracy needed therefrom. In 
one embodiment, for example, the accelerometer type and 
positioning along the array may be determined based on a 
degree of error between the INS native to the array antenna 
and true position. 

In several embodiments, the accelerometers are distributed 
about the array at a spatial density that is capable of capturing 
motion at spatial frequencies that are considered significant. 
In one embodiment, the accelerometers are tri-axial micro 
electro-mechanical systems (MEMS) accelerometers. In 
such case, these MEMS accelerometers are generally not 
navigation-grade instruments, and accrue position error rap 
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4 
idly on an individual basis. As such, the system accuracy 
improves with the density and number of accelerometer sites, 
which can be scaled due to their relative low cost. 

FIG. 2 is a schematic block diagram of a system 200 for 
determining a positional state of an airborne array antenna 
201, where the system includes processing circuitry 204 
coupled to a number of distributed accelerometers (202a 
202n), an inertial navigation system (INS) 206 and steering 
circuitry 208 in accordance with one embodiment of the 
invention. The processing circuitry 204 receives and formats 
acceleration data from each of the accelerometers (202a 
202n) and generates an accelerometer estimated position for 
each accelerometer based on the acceleration data. The pro 
cessing circuitry 204 also receives position and orientation 
data from the INS 206 and generates an INS estimated posi 
tion for each accelerometer based on this data. 
The processing circuitry 204 can then compare the esti 

mated accelerometer positions based on the accelerometer 
data and the INS estimated position, while correcting for 
various factors including gravity and known error in the INS 
and accelerometers, to determine a position and orientation of 
each accelerometer. The processing circuitry 204 uses the 
calculated position and orientation of each accelerometer to 
determine an estimated position of a center and an orientation 
of the array antenna. The steering circuitry 208 makes appro 
priate adjustments to the beam direction of the array antenna 
based on the estimated position of the center and the orienta 
tion of the array antenna. The distributed accelerometers 
include components 202a to 202n where n is a positive inte 
ger. In some embodiments, the positional state determination 
system can include hundreds or thousands of accelerometers. 

In some embodiments, the processing circuitry includes 
one or more processing components that are co-located. In 
other embodiments, the processing circuitry includes one or 
more processing components that are distributed at various 
locations around the array antenna. In some embodiments, 
the processing circuitry can be implemented using any com 
bination of processors, memory, discrete logic components, 
data buses and/or other processing elements that share infor 
mation. 

FIG. 3 is a functional block diagram of the processing 
circuitry 304 of the position determining system of FIG. 2, 
where the processing circuitry 304 includes processing 
blocks for position integration 310, correction and calibration 
312, kinematic extension 314 and array state determination 
316 in accordance with one embodiment of the invention. In 
operation, the kinematic extension block 314 receives INS 
estimated panel orientation data 306a and INS estimated 
panel position data 306b from the INS (not shown in FIG. 3 
but see FIG. 2). The kinematic extension block 314 also 
receives configuration data 318 including data indicative of 
the relative physical positioning of each accelerometer in 
relation to the INS on the array antenna. In one embodiment, 
the configuration data 318 is contained in a table. Based on 
the INS estimated panel orientation data 306a, the INS esti 
mated position data 306b, and configuration data 318, the 
kinematic extension block 314 extrapolates the INS esti 
mated panel orientation and position data to each accelerom 
eter, thereby determining an INS estimated orientation and 
position of each accelerometer. Essentially, the kinematic 
extension block 314 performs a lever-arm correction between 
the INS and each accelerometer site and performs any data 
time-alignment (interpolation or extrapolation) that is needed 
since the INS and accelerometers generally will not sample 
on the same sampling timeline. The kinematic extension 



US 8,930,047 B2 
5 

block 314 provides the INS estimated orientation and posi 
tion of each accelerometer to the correction and calibration 
block 312. 

The position integration block 310 receives acceleration 
data 302 from the array of accelerometers, corrected and 
calibrated position data from the correction and calibration 
block 312, and approximate panel orientation data from the 
kinematic extension block 314. Using the acceleration data 
302 and an integration process (discussed in further detail 
below), the position integration block 310 generates an accel 
erometer estimated position for each accelerometer and pro 
vides it to the array state determination block 316. The posi 
tion integration block 310 corrects the accelerometer data for 
any biases, corrects for gravity and does the kinematic cor 
rections needed to make the acceleration vector an Earth 
relative quantity. It then integrates the resulting acceleration 
data/vector into Velocity and into position using one of a 
number of integration techniques (e.g., forward Euler, trap 
eZoidal). 
The correction and calibration block 312 receives, formats 

and filters the INS estimated orientation and position from the 
kinematic extension block 314, and the accelerometer esti 
mated position and orientation data from the position integra 
tion block 310. The correction and calibration block 312 
compares the two sources of position information, computes 
a residual, and uses a Kalman filter to thereby determine a 
position and orientation of each accelerometer based on the 
respective INS estimated position and orientation data and the 
respective accelerometer estimated position and orientation 
data. This information is provided to the position integration 
block 310, and passed along to the array state determination 
block 316. 

The array state determination block 316 determines an 
estimated position of a center and an orientation of the array 
antenna based on the determined position and orientation of 
each accelerometer from the position integration block 310 
and correction and calibration block 312. In several embodi 
ments, the estimated position of the center and the orientation 
of the array antenna is a parametric fit of three degree of 
freedom (3-DOF) accelerometer position and orientation data 
and 3-DOF INS position and orientation data to form a 
6-DOF estimated position of the center and the orientation of 
the array antenna. In several embodiments, the scope of the fit 
can be related to the whole aperture. Sub-arrays, panels, or the 
shape of panels of the array antenna. 
The array state determination block 316 can direct beam 

steering circuitry, Such as steering circuitry 208, to continu 
ously adjust the beam of the array in accordance with the 
estimated position of the center and the orientation of the 
array antenna. The array state determination block 316 can 
also provide the estimated position of the center and the 
orientation of the array antenna to other components for a 
number of other applications. In Such case, the estimated 
position of the center and the orientation of the array antenna 
may be formatted in any number of ways suitable for the 
particular application. 
A exemplary implementation including multiple func 

tional blocks is illustrated in FIG. 3. However, in other 
embodiments, other processing circuitry in other Suitable 
configurations can be used to receive and process data from 
the INS and the array accelerometers and to then compute the 
position and orientation of the array antenna. 

FIG. 4 is a flow chart of a process 400 for determining a 
positional state of an airborne array antenna having multiple 
accelerometers in accordance with one embodiment of the 
invention. In particular embodiments, the process 400 can be 
used with the processing circuitry of FIG. 2 or FIG. 3. The 
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6 
process first receives and formats (402) acceleration data 
from each of a plurality of accelerometers mounted at differ 
ent locations along the array antenna. The process receives 
(404) position and orientation data from an inertial navigation 
service (INS) mounted on the array antenna. The process then 
generates (406) an INS estimated position for each acceler 
ometer based on the position and orientation data from the 
INS. The process generates (408) an accelerometerestimated 
position for each accelerometer based on the acceleration 
data. The process then determines (410) a position and ori 
entation of each accelerometer based on the respective INS 
estimated position and the respective accelerometer esti 
mated position. The process determines (412) an estimated 
position of a center and an orientation of the array antenna 
based on the determined position and orientation of each 
accelerometer. The process then can adjust (414) a direction 
of the array antenna based on the estimated position of the 
array antenna (e.g., radar array state). 

In one embodiment, the process can perform the sequence 
of actions in a different order. In another embodiment, the 
process can skip one or more of the actions. In other embodi 
ments, one or more of the actions are performed simulta 
neously. In some embodiments, additional actions can be 
performed. 

FIG. 5 is a flow chart of another process 500 for determin 
ing a positional state of an airborne array antenna having 
multiple accelerometers in accordance with one embodiment 
of the invention. In particular embodiments, the process 500 
can be used with the processing circuitry of FIG. 2 or FIG. 3. 
The process first receives and formats (502) accelerometer 
readouts (e.g., data) for 576 accelerometer sites. In several 
embodiments, each readout is a three by one vector. In one 
embodiment, block 502 is performed at a frequency of about 
800 Hz. In several embodiments, the process may receive and 
format data for more than or less than 576 accelerometer sites. 
The process then runs (504) a gyroscope-free integration 
process on the 576 accelerometer readouts. In one embodi 
ment, block 504 is performed at a frequency of about 800 Hz. 
In some embodiments, the execution of the gyroscope-free 
integration process is performed by the position integration 
block 310 of FIG. 3. In some conventional systems for deter 
mining the position of an airborne body, a gyroscope is used. 
However, in a number of embodiments described herein, the 
systems and methods can operate without use of a gyroscope. 
The process then receives and formats (506) remote INS 

based estimates of panel orientations for all 576 sites. In one 
embodiment, block 506 is performed at a frequency of about 
50 Hz. In some embodiments, the execution of the block 506 
is performed by the kinematic extension block 314 of FIG. 3. 
The process then receives and formats (508) remote INS 
based estimates of accelerometer site positions for all 576 
accelerometer sites. In one embodiment, block 508 is per 
formed at a frequency of about 1 Hz. In some embodiments, 
the execution of the block 508 is performed by the correction 
and calibration block 312 of FIG. 3. The process then per 
forms (510) optimal position/velocity/bias calibration on 
each accelerometer site for each of the 576 accelerometer 
sites. Optimal in this context refers to the application of linear 
filtering and estimation theory which underpins the Kalman 
Filter that is proposed for calibration of the accelerometers 
and their outputs, but there are other estimation strategies 
which may also be applicable. In one embodiment, block 510 
is performed at a frequency of about 1 Hz. In some embodi 
ments, the execution of the block 510 is performed by the 
correction and calibration block 312 and/or position integra 
tion block 310 of FIG. 3. 
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The process then uses (512) the 576 accelerometer site 
position estimates to compute an estimated radar array state. 
In one embodiment, block 512 is performed at a frequency of 
about 50 to 200 Hz. In some embodiments, the execution of 
the block 512 is performed by the position integration block 
310 and/or array state determination block 316 of FIG. 3. In 
Some embodiments, the estimated radar array State is deter 
mined using a simple planar fit to the locations, or an all-out 
shape fit of the array antenna (e.g., possibly a deformed 
array). In several embodiments, as the precision of the accel 
erometers used is increased (primarily via reductions in pro 
cess noise as MEMS technology progresses), so is the com 
plexity of radar array shapes that can be accurately 
represented. 
The estimated radar array state will inherently share a 

common inertial reference with the INS, and it is bandwidth 
extended from the low-bandwidth typically afforded from the 
remote INS to the high bandwidth of the MEMS accelerom 
eters. As such, several embodiments of the systems and pro 
cesses described herein can use a distributed array of inde 
pendently navigated, gyro-free tri-axial accelerometer sites to 
form a large radar array state estimate, potentially including 
flexible-body type shapes, which has a common inertial ref 
erence with a master navigator (e.g., INS). 

In one embodiment, the process can perform the sequence 
of actions in a different order. In another embodiment, the 
process can skip one or more of the actions. In other embodi 
ments, one or more of the actions are performed simulta 
neously. In some embodiments, additional actions can be 
performed. 

FIG. 6 is a flow chart of an integration process 600 for 
processing data received from each of the multiple acceler 
ometers of the process of FIG. 5 in accordance with one 
embodiment of the invention. In particular embodiments, 
process 600 executes as a sub-process to block 504 in FIG. 5. 
The process first subtracts (602) instrument bias from the 
accelerometer readouts received from each of the accelerom 
eters. The process compensates (604) accelerometer readouts 
for scale factor and alignment error. In this context, scale 
factor relates to the knowledge of how the digital numbers 
indicated by the accelerometers are converted to actual 
sensed acceleration, and more specifically, to the ratio 
between the true scale factor and an assumed device scale 
factor for the accelerometers, where the assumed device scale 
factor is generally provided by a datasheet for the accelerom 
eters. The process then receives and formats (606) remote 
INS-based predictions of site body orientations (e.g., earth 
centered/earth fixed or ECEF to body) for each accelerom 
eter. 

The process rotates (608) gravity to accelerometer site 
body coordinates. This rotation can encompass using the 
gravity data known from the INS and extrapolating the data 
along each of the tri-axial axes. In Such case, the extrapolated 
gravity data can be subtracted from accelerometer measure 
ment data. As such, the process then subtracts (610) the grav 
ity from compensated accelerometer readouts (e.g., to correct 
for gravity). The process uses (612) current accelerometer 
site position and Velocity estimates to compute coriolis and 
centripetal accelerations. The process then subtracts (614) the 
coriolis and centripetal accelerations from compensated 
accelerometer readouts. The process integrates (616) result 
ing Earth-relative acceleration from block 614 into velocity. 
The process then integrates (618) the resulting velocity into 
an absolute Earth-relative position determination. In some 
embodiments, the execution of sub-process 600 is performed 
by the position integration block 310 of FIG. 3. 
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8 
In one embodiment, the process can perform the sequence 

of actions in a different order. In another embodiment, the 
process can skip one or more of the actions. In other embodi 
ments, one or more of the actions are performed simulta 
neously. In some embodiments, additional actions can be 
performed. 

FIG. 7 is a flow chart of a calibration process 700 for 
calibrating data received from each of the multiple acceler 
ometers of the process of FIG. 5 in accordance with one 
embodiment of the invention. In particular embodiments, 
process 700 executes as a sub-process to blocks 508 and/or 
510 in the process of FIG.5. The process first compares (702) 
remote INS-based estimated positions and accelerometer 
integrated positions to compute a residual value. The process 
then uses (704) the residual value and one or more Kalman 
filter(s) to update position, Velocity and biases. The process 
then applies (706) updates to the gyro-free integrators. In 
several embodiments, these updates are computed by the 
correction and calibration block 312 from FIG.3. This update 
or correction removes observed biases from the accelerom 
eter (site) integrated positions and other biases. Such as accel 
erometer output bias, using the optimal Kalman filter that is 
part of the correction and calibration block. In some embodi 
ments, the execution of sub-process 700 is performed by the 
correction and calibration block 312 of FIG. 3. 

In one embodiment, the process can perform the sequence 
of actions in a different order. In another embodiment, the 
process can skip one or more of the actions. In other embodi 
ments, one or more of the actions are performed simulta 
neously. In some embodiments, additional actions can be 
performed. 

While the above description contains many specific 
embodiments of the invention, these should not be construed 
as limitations on the scope of the invention, but rather as 
examples of specific embodiments thereof. Accordingly, the 
scope of the invention should be determined not by the 
embodiments illustrated, but by the appended claims and 
their equivalents. 
What is claimed is: 
1. A method for determining a positional state of an air 

borne array antenna using an array of distributed accelerom 
eters, the airborne antenna array comprising a plurality of 
portions, the method comprising: 

receiving and formatting, by a controller, acceleration data 
from each of a plurality of accelerometers mounted on 
different portions along the array antenna; 

receiving, by the controller, position and orientation data 
from an inertial navigation service (INS) mounted on the 
array antenna; 

generating, by the controller, an INS estimated position for 
each accelerometer based on the position and orientation 
data from the INS: 

generating, by the controller, an accelerometer estimated 
position for each accelerometer based on the accelera 
tion data; 

determining, by the controller, a position and orientation of 
each portion of the array antenna based on the respective 
INS estimated position and the respective accelerometer 
estimated position by comparing the respective INS esti 
mated position and the respective accelerometer esti 
mated position to determine a respective updated accel 
erometer estimated position for each of the plurality of 
portions; 

determining, by the controller, an estimated position of a 
center and an orientation of the array antenna based on 
the determined position and orientation of each 
portion; and 
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adjusting, by the controller, a direction of the array antenna 
based on the estimated position of the array antenna. 

2. The method of claim 1, wherein the plurality of accel 
erometers are uniformly positioned along the array antenna. 

3. The method of claim 1, wherein the plurality of accel 
erometers are tri-axial micro-electro-mechanical systems 
(MEMS) accelerometers. 

4. The method of claim 1, wherein the determining the 
position and orientation of each portion based on the respec 
tive INS estimated position and the respective accelerometer 
estimated position further comprises: 

generating a residual based on the comparison of the INS 
estimated position and the accelerometer estimated 
position; 

determining the updated accelerometer estimated position 
based on the residual; and 

using the updated accelerometer estimated position in 
determining the position and orientation of each accel 
erometer based on the respective INS estimated position 
and the respective accelerometer estimated position. 

5. The method of claim 1, wherein the generating the 
accelerometer estimated position for each accelerometer 
based on the acceleration data comprises compensating for 
instrument bias. 

6. The method of claim 1, wherein the generating the 
accelerometer estimated position for each accelerometer 
based on the acceleration data comprises compensating for 
gravity. 

7. The method of claim 1, wherein the generating the 
accelerometer estimated position for each accelerometer 
based on the acceleration data comprises: 

generating coriolis and centripetal accelerations based on 
accelerometer data; and 

compensating for the coriolis and centripetal accelerations. 
8. A system for determining a positional state of an air 

borne array antenna using an array of distributed accelerom 
eters, the system comprising: 

an array antenna comprising a plurality of portions; 
a plurality of accelerometers mounted on different portions 

along the array antenna; 
an inertial navigation service (INS) mounted on the array 

antenna; and 
a processing circuitry configured to: 

receive and format acceleration data from each of the 
plurality of accelerometers; 

receiving position and orientation data from the inertial 
navigation service (INS); 
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generate an INS estimated position for each accelerom 

eter based on the position and orientation data from 
the INS: 

generate an accelerometer estimated position for each 
accelerometer based on the acceleration data; 

determine a position and orientation of each portion of 
the array antenna based on the respective INS esti 
mated position and the respective accelerometer esti 
mated position by comparing the respective INS esti 
mated position and the respective accelerometer 
estimated position to determine an respective updated 
accelerometer estimated position for each of the plu 
rality of portions; and 

determine an estimated position of a center and an ori 
entation of the array antenna based on the determined 
position and orientation of each portion. 

9. The system of claim 8, further comprising a steering 
controller configured to adjusta direction of the array antenna 
based on the estimated position of the array antenna. 

10. The system of claim 8, wherein the plurality of accel 
erometers are uniformly positioned along the array antenna. 

11. The system of claim 8, wherein the plurality of accel 
erometers are tri-axial micro-electro-mechanical systems 
(MEMS) accelerometers. 

12. The system of claim 8, wherein the processing circuitry 
is further configured to: 

generate a residual based on the comparison of the INS 
estimated position and the accelerometer estimated 
position; 

determine the updated accelerometer estimated position 
based on the residual; and 

use the updated accelerometer estimated position to deter 
mine the position and orientation of each accelerometer 
based on the respective INS estimated position and the 
respective accelerometer estimated position. 

13. The system of claim 8, wherein the processing circuitry 
is further configured to compensate for instrument bias. 

14. The system of claim 8, wherein the processing circuitry 
is further configured to compensate for gravity. 

15. The system of claim 8, wherein the processing circuitry 
is further configured to: 

generate coriolis and centripetal accelerations based on 
accelerometer data; and 

compensate for the coriolis and centripetal accelerations. 
16. The method of claim 1, wherein the airborne antenna 

array is flexible. 
17. The system of claim 8, wherein the array antenna is 

flexible. 


